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NOMENCLATURE 
l e Length of an Element 
dm  Disc Mass  
RD  Diameter of Rotor Shaft/Inner Diameter of a Disc 
DD  Outer Diameter of a Disc 
Dt  Thickness of Disc 
t  Time in Seconds 
y  Half of Depth of Cross-Section of Rotor Shaft/Beam 
q  Displacement Vector 
q

 
Velocity Vector 
rI  Moment of Inertia of Rotor shaft 
rA  Area of Cross-Section of Shaft 
RT  Magnitude of  Applied Axial Torque 
  Co-efficient of Thermal Expansion  
T  Temperature Difference 
AP  Axial Thermal Load 
,   Angles of Rotation about Y and Z Axes 
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oR  Position Vector of Displaced Centre of Rotation 
E  Young’s Modulus of Elasticity 
  Linear Strain 
,Y ZM M  Bending Moment about Y and Z Axes 
  Spin Speed 
  Whirl Speed 
L Length of rotor shaft 
xV  Shear Force 
xM  Bending Moment 
  Element Mass Per Unit Length 
  Volume Density 
v  
Viscous Damping Coefficient 
 Q  External Force Vector 
 TM  Translatory Mass Matrix 
 RM  Rotary Mass Matrix 
     T RM M M   Total Mass Matrix of an Element 
   ,G K  Gyroscopic and Stiffness Matrices 
 BK  Bending Stiffness Matrix 
 CK  Skew Symmetric Circulatory Matrix 
 TK  Axial Torque Matrix 
 AK  Axial Stiffness Matrix 
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xy
    
Hermite Shape Function in x-y Plane   
 xz  Hermite Shape Function in x-z Plane   
   Shape Function Matrix  
u  Ultimate Strength 
fb  true fracture strength 
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stages of design can itself allow us to predict the prominent failure conditions, points where stresses 
obtained are very high. To say in less words these modelling may have ability to give insight to the 
behavior in pre-design stages. For validating the results (obtained during simulations) it can is quite 
helpful. 
Beam theories based on various assumptions have been developed which arrive at results with different 
levels of accuracy. One of these was given by Euler Bernoulli which is simplest in nature.it assumes the 
sections which were plane before bending remains plane after bending i.e. the cross-section is infinitely 
rigid in the perpendicular plane and hence deformations are absent in the cross section plane. As in Craig 
and Bauchau [10] the displacement is given as the combination of one translation and one rotation. As 
the model proposed by Euler Bernoulli does not take into consideration the shear deformation and 
rotational inertia effect. This approximation hold within good proximity only for long slender beams but 
not accurate if the beam is thick.  
The EB beam was modified by Rayleigh by including the rotational inertia in his model of the beam. 
The most accurate beam model as developed by Stephen Timoshenko in the onset of 20th century 
considers both rotational inertia and shear deformation, which was considered accurate for describing 
short, thick beams. Due to addition of shear deformation term, the assumption of cross section remaining 
perpendicular to the centerline before and after bending is relaxed and can suitably be accounted for.  
2.2 Equation of motion of undamped Euler Bernoulli beam 
The schematic diagram of the beam element considered is shown in the below figure which is subjected 
to bending moments and shear force. Also an external force F(x, t) also acts.  
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TABLE 3.4: LIFE OF THE ROTOR 
Empirical equation used Life of the rotor obtained 
Modified Goodman 1.8735 107 
Morrow 1.8964 107 
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